that the pulses of amnioserosa cells are dampened over time, which correlates with actin cable formation. In conditions that abrogate formation of actin cables (namely mutants that inactivate Jun kinase signaling) amnioserosa pulses are not dampened. This suggests that actin cable contraction may provide mechanical feedback on amnioserosa contractility, as pointed out by Gorfinkiel et al. (2009) .
The most important conceptual advance by Solon et al. is the proposal that the actin cable might stabilize transient dorsal displacement of the leading edge imposed by the contraction phases of amnioserosa cells. Indeed, before formation of the actin cable, or when the actin cable is disrupted, amnioserosa cell contractility is not accompanied by persistent dorsal-ward movement of the lateral epidermis. This suggests a ratchet mechanism: pulsed contractility of the amnioserosa causes transient dorsal displacement of the leading edge, which is prevented from relaxing ventrally by continuous contractility of the actin cable. Thus, when contractility of the actin cable and amnioserosa are combined, the leading edge moves in a ratchet-like manner. It is probable that this mechanism relies on specific adhesion between the leading edge and the amnioserosa. To some extent this is dependent on integrins and indeed integrin mutants have defects in dorsal closure (Hutson et al., 2003) . However, the role of integrins in this process has yet to be addressed.
The data of Solon et al. build up to a computational model of dorsal closure, in which tension-dependent contraction force, a time delay (setting the oscillation periodicity), and a Hill coefficient (defining the sensitivity of a system in response to external stimuli) are varied to explore phase-pulsing transitions in silico. The simulations match the observed dynamics of dorsal closure and reinforce the plausibility of the model. This model bears similarities with one recently proposed for mesoderm invagination in which pulses of apical cell constriction are in synch with pulses of actomyosin accumulation within the same cells (Martin et al., 2009 ). Pulses of actomyosin contraction are followed by a phase of stabilization, suggesting that myosin II tension acts like a ratchet to drive constriction. Both Martin et al. and Solon et al. vividly illustrate how tissue level displacement emerges from the local interplay between contractility and stabilization in actomyosin tensile networks. Future studies will have to meet the challenge of understanding how this interplay is controlled at the molecular level.
The proliferation of stem cells is a key aspect of the development and maintenance of most tissues. The epithelial cell layer of the intestinal tract is particularly dependent on replenishment by stem cells because it is constantly exposed to toxic or pathogenic stresses as well as chemical or mechanical damage. Studies in mammalian systems have established that there is a stem cell population responsible for the renewal of gut epithelia (Casali and Batlle, 2009 To maintain tissue homeostasis, stem cells need to increase their proliferation rate to repair tissue damage caused by stress or infection. In this issue, Jiang et al. (2009) describe a regulatory feedback mechanism involving the Jak/Stat signaling pathway that enables stem cells of the fly midgut to accomplish this task.
*Correspondence: juergen.knoblich@imba.oeaw.ac.at gut stem cell proliferation in mammals. Four new studies, one published in this issue ) and three others published elsewhere (Amcheslavsky et al., 2009; Buchon et al., 2009; Cronin et al., 2009 ), now report how proliferation of intestinal stem cells (ISCs) in the fly midgut is activated in response to tissue stress, damage, or bacterial infection. The Drosophila intestinal tract is composed of a simple epithelium that contains cells required for digestion and absorption of nutrients. Like its mammalian counterpart, the adult fly midgut is maintained by a population of ISCs (Casali and Batlle, 2009 ). These cells divide about once a week, giving rise to two daughter cells: one ISC and one enteroblast. The enteroblast then differentiates into either an absorptive enterocyte or a secretory enteroendocrine cell (Figure 1) .
Whether the ISC population can actively respond to environmental insults is important to know as impaired regeneration of the gut may lead to inflammatory disease or cancer. In their new study, Amcheslavsky et al. (2009) use the Drosophila midgut model to address this question. They stressed the gut tissue by feeding flies detergents or by ectopically expressing proteins that induce midgut epithelial cells to undergo apoptosis. In both cases, the ISCs responded by increasing their rate of proliferation, and this explains why the authors observed an increase in the number of enteroblasts. These findings demonstrate that proliferation of ISCs is a specific response to gut epithelial damage.
ISCs can also respond to bacterial infection. In the fly, systemic bacterial infection leads to the rapid production of antimicrobial peptides (Lemaitre and Hoffmann, 2007) . This is mediated by the immune deficiency (Imd) signaling pathway, which acts through Relish (Rel), a protein that is similar to the master transcription factor NF-κB. Normally, antimicrobial peptides are generated in the fat body, the functional equivalent of the mammalian liver. To test whether such an immune response is also elicited in the fly gut, Buchon et al. (2009) used microarray analysis of gut tissue after oral infection by the Gram-negative bacterium Erwinia carotovora carotovora (Ecc15). They demonstrate that bacterial infection leads to downregulation of digestive and absorptive functions in the gut and expression of genes implicated in the Drosophila immune system. Not unexpectedly, the Imd/Rel pathway is a key player in this transcriptional response. But the fly gut cells also produce a specific set of antimicrobial peptides that are not part of the systemic response and are not regulated by the Imd/Rel pathway. Instead, careful analysis of the transcriptional data shows that genes encoding components of the Jak/ Stat signaling pathway along with the cytokine ligands that activate this pathway (Unpaired; Upd, Upd2, Upd3) are strongly upregulated in the infected fly gut. When key components of this pathway are inactivated, gut-specific antimicrobial peptides are produced weakly or not at all. Thus, a distinct signaling pathway induces a gut-specific host defense system in the fly after bacterial infection.
Among the genes upregulated in the infected fly gut are those encoding components of the stress-response and tissue-repair pathways. Indeed, bacterial infection not only leads to a host-defense response but also induces proliferation in the midgut epithelium resulting in an increase in stem cell number (Buchon et al., 2009) . Using a combination of fly mutants and tissue-specific RNA interference (RNAi) experiments, Jiang et al. (2009) now demonstrate that this proliferative response is part of an intricate feedback loop that coordinates stem cell proliferation with tissue integrity and epithelial cell number in the fly midgut. They show that fly gut epithelia recover within a few days of damage even when a large fraction of cells is ablated by expression of the proapoptotic gene reaper. Gut tissue regeneration is a two-step process. Within 60 hr of damage, enterocytes increase their size by undergoing rounds of endoreplication and ISCs dramatically increase their mitotic index resulting in a fly gut of normal size but with fewer and larger polyploid cells. Within one month, the regeneration process is complete and gut morphology returns to normal. Thus, the Drosophila midgut can be used as a model to study the process of stem cell-mediated regeneration.
Regeneration of gut tissue in the fly involves two key signaling pathways. In enterocytes, activation of the Jun N-ter- Bacterial infection, tissue damage, or stress stimuli in epithelial cells of the fly gut (enterocytes; pink) induce these cells to produce cytokines of the Unpaired family (Upd, Upd2, Upd3; red). In intestinal stem cells (ISCs; dark turquoise), these cytokines activate the Jak/Stat signaling pathway (red), which promotes proliferation of ISCs. ISCs divide into one ISC daughter and one enteroblast (EB; light turquoise) daughter. Under the influence of the Jak/Stat pathway, the daughter ISC expresses the Delta ligand (red), which activates the Notch receptor expressed by the EB daughter. Activation of Notch signaling induces the differentiation of the EB daughter into an enterocyte. Activation of the Jak/Stat signaling pathway in response to bacterial infection (orange) induces a gut-specific immune response (Imd; blue) resulting in production of antimicrobial peptides (dark pink) that help to fight the infection. minal kinase (JNK) pathway acts as a sensor of cellular stress, and its activation directly induces proliferation of the stem cell population. JNK is activated in response to cellular stress and bacterial infection but not apoptosis. Even during bacterial infection, however, JNK signaling is not essential for triggering the proliferative response of stem cells. Most likely, JNK signaling is part of a third system that induces gut repair in response to mechanical stress.
In fly ISCs, it is the Jak/Stat pathway that triggers the proliferative response. All three known ligands of this pathway (Upd, Upd2, Upd3) are induced globally in gut epithelia in response to damage caused by apoptosis, bacterial infection, or JNK activation Buchon et al., 2009; Cronin et al., 2009 ). In both enterocytes and ISCs these ligands bind to their receptor Domeless and activate the Jak/Stat pathway. In ISCs, activation of the Jak/Stat pathway strongly increases proliferation, and its inhibition prevents the proliferative response. In support of this, a genome-wide RNAi screen for genes required in the gut to fight bacterial infection reveals the Jak/ Stat pathway to be a major regulator of the antimicrobial response (Cronin et al., 2009 ). Thus, antimicrobial and regenerative responses use the same pathway to control stem cell proliferation in the Drosophila midgut (Figure 1) .
But simply increasing stem cell proliferation is not enough to induce the midgut hyperplasia observed. Using a clever clonal labeling strategy, Jiang and colleagues show that Jak/Stat signaling-besides inducing stem cell proliferation-also increases the rate of enterocyte turnover. When stem cell progression through the cell cycle is accelerated by overexpression of the S-phase regulator E2F/DP, the number of stem cells increases but the number of differentiated enterocytes remains the same. But when the Jak/Stat signaling pathway is activated, the daughter cells of proliferating stem cells are induced to differentiate into large enterocytes with polytene chromosomes. The differentiation of ISCs is regulated by the Notch/Delta signaling pathway (Casali and Batlle, 2009) . After an ISC divides, the ligand (Delta) for the Notch receptor is only found in the daughter cell that will remain a stem cell. Delta expressed by the stem cell daughter activates the Notch receptor on the surface of the other daughter inducing this cell to differentiate into an enterocyte. Activation of the Jak/Stat pathway stimulates the transcription of Delta, thereby accelerating the differentiation of daughter cells into fully functional enterocytes. Thus, a combination of mitogenic stimuli and an increased differentiation rate results in the gut hyperplasia induced by the Jak/ Stat signaling pathway.
From these data, we can compose a model for how homeostasis is maintained in the Drosophila midgut ( Figure  1 ). Infection by pathogenic bacteria, tissue damage due to apoptosis, or JNK signaling in response to stress stimuli all induce gut hyperplasia through the same mechanism. These different stressors stimulate enterocytes to secrete the Upd cytokines that then activate the Jak/Stat signaling pathway, which induces ISCs to proliferate. The Notch ligand Delta is upregulated in ISCs promoting differentiation of daughter cells into functional enterocytes, which results in rapid repair of gut tissue damage. During bacterial infection, Jak/Stat pathway activation also causes a gut-specific immune response in enterocytes, leading to production of antimicrobial peptides, which help to fight the pathogen.
What can we learn about mammalian gut homeostasis from these three elegant studies in flies? The Upd cytokines are related to mammalian interleukin-6 (IL-6), which acts through a receptor dimer (IL-6R and gp130) and the transcriptional activator STAT3 (Mitsuyama et al., 2006) . When mouse gut tissue lacks IL-6, the animals are more susceptible to damaging agents such as sodium dextran sulfate and do not recover after removal of this chemical (Tebbutt et al., 2002) . Conversely, mice carrying a mutant gp130 protein that results in STAT3 overactivation develop stomach adenomas due to hyperproliferation of the gastric mucosa. Furthermore, IL-6 signaling is overactive in inflammatory bowel disease and gastric cancer, which both can be caused by pathogen-induced dysregulated growth of digestive tract tissue (Mitsuyama et al., 2006) . Although the tissue hyperproliferation observed in these diseases could also be attributable to the strong immune response, it would be interesting to investigate the role of IL-6 and Jak/Stat signaling specifically in mammalian ISCs. The tools for such an analysis have recently been generated and could quickly reveal whether the infectious news coming from the fly gut cell community is directly relevant to human diseases of the gastrointestinal tract.
